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What the 

textbooks 

would have 

you believe

about pain

PAIN!!!!!

Noxious (painful)

stimulus to the 

body



Tissue injury/inflammatory pain



Neuropathic Pain: 
Post-Herpetic Neuralgia



innocuous



So, where does 

this textbook 

pain pathway

break down?



Nociceptors are not homogeneous



Snider and McMahon

NON-PEPTIDE

IB4    P2X3
c-RET

PEPTIDE

SubP/CGRP

Trk A



TRPV1

TTX-R/NaV1.8

P2X3
DRASIC

AQP1

Mrg’s “Pain” fiber

Heterogeneity 

of the nociceptor/

“pain” fiber





VR1 = Capsaicin receptor
TRPV1/Capsaicin Receptor Integrates

Multiple Pain-Producing Stimuli 

Na+

Ca2+H+

TRPV1



The capsaicin receptor (TRPV1) is 

highly enriched expressed 

in primary afferent nociceptors





C-FIBER AFFERENT

GLUTAMATE
SUBSTANCE P

CAPSAICIN

RECEPTOR



What happens if you eliminate or block 

the capsaicin receptor?



Structure of the capsaicin receptor



innocuous



Multiple transducers revealed:

Are they targets for magic bullets?



NaV1.7



Activation vs sensitization:
Peripheral sensitization



Primary 

Hyperalgesia

(Peripheral

Sensitization)

Stimulus temperature (oC)
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post-injury

Allodynia Hyperalgesia

Tissue Injury Exacerbates Pain:
Peripheral Sensitization



NSAIDS/Cox-2 Inhibitors Target
Peripheral Sensitization



Prostaglandins (PGE2)

Cyclooxygenase
Tissue Injury

Threshold Lowered

Pain in response to

non-painful stimuli

(ALLODYNIA)

PLA2

Archidonic acid



Tissue injury

Mast Cell Neutrophil Macrophage

Tissue injury Contents of damaged cells:
ATP, cytokines, chemokines, 

growth factors

Peripheral Sensitization:



Central Sensitization



Tissue

Damage

Nerve

Injury

Central sensitization:



Central sensitization:



NK-1

AMPANMDA

Mg++

Mechanisms of Central Sensitization

C-fiber input

WDR cell



C-fiber input

Gabapentin (a2d)

Ziconatide (N)

Mechanisms of Central Sensitization

Morphine

Presynaptic:

Ą Increased

transmitter release



AMPANMDA

Mg++

ALTERATION IN SECOND MESSENGERS

PHOSPHORYLATION OF 

RECEPTORS

AND ION CHANNELS

INCREASED EXCITABILITY

AND SYNAPTIC EFFICACY

Mechanisms of Central Sensitization

C-fiber input

WDR cellPostsynaptic:
Ą increased  response

to transmitter

Ą strengthening of 

ñsynaptic efficacyò

Presynaptic:
Ą Increased

transmitter release



And still more contributors to 

central sensitization



GABA

Glycine

Glutamate

Facilitation
Inhibition
5-HT and NE

(SNRI)

(Anticonvuslants)

Mechanisms of Central Sensitization:
Descending influences



And neurons are no longer 

the only target:  

The contribution of glia



Activated glia

Quiescent

glia

ContraIpsi

Microglia

Nerve injury



Nerve block

TENS

Medulla

Midbrain

Cortex



S1

S2

Sensory discriminative features

From M.C. Bushnell



IC

Affective-motivational features

ACC

From M.C. Bushnell



what part of the body was stimulated.

It depends on….

Where is pain in the brain…?



QuickTimeÊ and a TIFF (Uncompressed) decompressor are needed to see this picture.

Strigo, I. A. || Bushnell, M. C. Alert

Esophageal distension vs noxious thermal heat

Motor Cortex

Insular Cortex

Anterior Cingulate 

Cortex



who was stimulated.

It depends on….



QuickTimeÊ and a TIFF (Uncompressed) decompressor are needed to see this picture.

From Casey et al



the psychological state of the 

subject when he/she was stimulated.

It depends on….



how much attention is 

paid to the stimulus.

It depends on….



Attention to pain

ñPainò evokes more brain activity when 

attending to pain

Attention to tones

Bushnell et al. 1999



how much pain you expect

to experience.

It depends on….



Sawamoto et al. 2000

Expectancy can alter pain

Pain

(expect pain)

Warm

(expect pain)

Warm

(expect warm)



Tricyclics

SNRIôs

Opioids/

Anticonv

Placebo

Hypnosis

Relaxation

Distraction

Anxiety relief

ééetcé.

LA; NSAIDS

TRPV/A1


